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System and Process For Post Alignment Polarization 
Extinction Ratio Compensation in Semiconductor Laser 

System 

BACKGROUND OF THE INVENTION 

Polarization control is required in many different types of fiber optic applications. The 
typical modality for obtaining this control is polarization-preserving or polarization- 
maintaining optical fiber. Standard single-mode optical fiber supports two orthogonal 
eigenmodes or polarizations. In nominally circular fibers, the polarization modes are 
degenerate with an identical propagation constant and group phase velocity. 

Polarization-maintaining (PM) fiber is sometimes referred to as high birefringence 
single-mode fiber. PM fiber utilizes a stress-induced birefringence mechanism to achieve 
high levels of birefringence such that polarized light travels at different speeds along the 
orthogonal polarized axes of the fiber. Typically, these fibers embed a stress-applying region 
in the cladding area of the fiber. When placed symmetrically about the core, it gives a fiber 
cross-section two distinct axes of symmetry. These cross-sections range from elliptical to 
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rectangular. This results in the propagation speed to be polarization dependent for light 
polarized along the two orthogonal symmetry axes. As a result, light propagating and 
polarized along one axis of symmetry does not efficiently couple into the orthogonal 
polarization. 

One technique for quantifying the extent to which PM fiber maintains polarization is 
the polarization extinction ratio (PER). This ratio quantifies the degree to which light is 
polarized along one axis. Thus, it represents to what extent the PM fiber is maintaining 
polarization. Typically, there is little or no cross-coupling of optical power between the 
polarization modes. 

In a number of different applications, controlling how light is launched into PM fiber 
or how light is emitted from PM fiber is useful. Semiconductor laser devices often have high 
polarization anisotropy. Thus, they generate light in typically one polarization depending on 
how the epitaxial tensile or compressive layer stresses are crafted. It is often desirable to 
launch this single polarization light into PM fiber and have its single polarization state 
maintained. Contrastingly, single mode polarized light from a PM fiber may be coupled into a 
polarization anisotropic device, such as a semiconductor optical amplifier (SOA). In this 
case, it is necessary to emit light with a polarization state aligned to the preferred polarization 
axis of the SOA. As a result, in these two different general applications, it can be necessary to 
rotationally adjust the PM fiber relative to the semiconductor optical device. 

One specific example where polarization control is required is in the pump lasers used 
to optically pump gain fiber such as regular fiber in Raman pumping schemes or erbium- 
doped fiber. Polarization control is required for two different reasons. 

The first is related to the fact that many times these pumps are temporally power 
stabilized using fiber Bragg gratings. The gratings create an external cavity that feeds-back 
light into the semiconductor gain medium. These semiconductor gain mediums have high 
polarization anisotropy. Polarization stability is thus required between the semiconductor gain 
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medium and the fiber Bragg grating to ensure that the level of feedback seen by the pump 
laser is constant. 

Polarization stability is also required between the pump laser chip, with or without 
Bragg grating stabilization, and the gain fiber in the Raman pumping scheme. Polarization 
isotropic fiber amplifiers are typically preferred. Raman amplification depends on whether the 
polarization of pump light is the same as the optical signal to be amplified, however. Thus, 
most Raman systems require unpolarized pump light. This is typically produced using the 
light from two semiconductor lasers with balanced orthogonal polarizations. PM fiber is 
typically deployed between the combiner and the separate pump lasers. 

SUMMARY OF THE INVENTION 

High quality PM optical fiber is commercially available. This fiber has very good 
PER ratios, when polarized light is launched parallel to one of the fiber's axes-there is very 
little coupling of a polarization launched along one axis of the fiber coupling into the other 
axis. 

Problems arise, however, when this fiber is integrated into larger optical systems. That 
is, the PER of the system is typically lower than the fiber itself. For example, in the case of 
semiconductor laser launching into PM fiber, the semiconductor laser generates light at only 
one polarization, and the fiber can be rotationally aligned accurately to the semiconductor 
laser. As a result, it would be expected that light exiting from the PM fiber would only have a 
single polarization. Many times, however, this is not the case, especially in systems that are 
manufactured for commercial applications. 

The degradation in the PER ratio of the optical systems results from mechanical 
stresses placed on the fiber during the manufacture of the systems. For example, in the case of 
optical pump manufacturing, the semiconductor laser is installed on a submount. The PM 
fiber enters a package through a fiber feedthrough in a ferrule and then is secured down onto 
the submount, such that the endface of the pigtail is held in proximity to the exit facet of the 
semiconductor laser. In such systems, highly robust fixturing processes are used, typically 
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such as solder bonding, in which the fiber is metalized and solder bonded either directly or 
indirectly to the submount. Further, solder is typically applied to seal the ferrule around the 
fiber since these packages must be hermetically sealed to ensure stable long-term operation. 
During the solder bonding processes, asymmetries can arise in the residual stress fields 
applied around the circumference of the fiber after the solder has cooled. These asymmetric 
stress fields lead to distortions in the stress-induced birefringent medium of the fiber. This 
results in coupling between the two polarization modes of the PM fiber and consequently 
degrade the PER of the system from that expected from the separate components. 

The present invention is directed to a system and process for tuning the PER of an 
electronic system during and/or after its manufacture. Specifically, fixtures are provided that 
allow for the axial rotation of the optical fiber relative to the optical system after the optical 
fiber has been installed in the system. 

In general, according to one aspect, the invention features a semiconductor laser 
system. It comprises a package including a floor and sidewalls, which extend from the floor. 
A submount is installed in the package, with a semiconductor chip being installed on the 
submount. PM optical fiber extends into the package via a ferrule and is secured to the 
submount via a mounting structure, such that its endface is held in proximity to the 
semiconductor chip. According to the invention, the mounting structure is deformable to 
enable the axial rotation of the optical fiber endface after the optical fiber attachment to the 
mounting structure. 

In one embodiment, the semiconductor laser system is a semiconductor pump laser 
operating at 1400 to 1600 nanometers (nm), and thus, applicable to Raman pumping schemes. 
The fiber endface comprises a generally cylindrical or aspheric lens shape to a double-angle 
wedge-shaped endface. Further, a Bragg grating is provided to yield an external cavity device 
to stabilize the operation of the system. 

In general, according to another aspect, the invention features a process for 
manufacturing a semiconductor laser system. The process comprises installing a 
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semiconductor chip in a package and then inserting PM optical fiber through a fiber 
feedthrough into the package. The endface of the optical fiber is then secured to the package 
to receive light generated by the semiconductor chip. 

According to the invention, after the step of securing the endface, a polarization 
extinction ratio (PER) of the light transmitted through the fiber from the semiconductor chip 
is detected. The endface of the fiber is then axially rotated to modify or improve the 
polarization extinction ratio. 

In one embodiment, the manufacturing process further comprises a step of aligning the 
endface to the semiconductor chip. In one implementation, an active alignment process is 
used in which the semiconductor chip is energized and the magnitude of light coupled into the 
optical fiber monitored. The endface is then moved relative to the semiconductor chip to 
maximize the coupling efficiency. 

In one implementation, the fiber is secured to a mounting structure that is then 
plastically deformed to actively align the fiber endface during the active alignment process. In 
another implementation, the optical fiber is realigned to the endface and then secured to the 
mounting structure and the mounting structure secured to the submount. 

In any case, once the fiber is secured to the submount and preferably the ferrule sealed 
around the fiber, an extinction ratio of the light transmitted through the fiber is determined. 
Typically, this is accomplished by detecting a magnitude of light transmitted along a slow axis 
of the PM fiber and detecting a magnitude of light transmitted along a fast axis of the PM 
fiber. The endface of the fiber is then axially rotated by deforming the mounting structure that 
secures the optical fiber to the package. In one case, the mounting structure is deformed until 
a desired polarization extinction ratio as detected. Then, the mounting structure is further 
deformed such that when it is released, the mounting structure will hold the fiber in an 
orientation corresponding to the desired polarization extinction ratio. 

The above and other features of the invention including various novel details of 
construction and combinations of parts, and other advantages, will now be more particularly 
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described with reference to the accompanying drawings and pointed out in the claims. It will 
be understood that the particular method and device embodying the invention are shown by 
way of illustration and not as a limitation of the invention. The principles and features of this 
invention may be employed in various and numerous embodiments without departing from the 
scope of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the accompanying drawings, reference characters refer to the same parts throughout 
the different views. The drawings are not necessarily to scale; emphasis has instead been 
placed upon illustrating the principles of the invention. Of the drawings: 

Fig. 1 is a perspective view of a semiconductor laser system according to the present 
invention, with the lid cut away; 

Fig. 2 is a close up perspective view of the semiconductor laser chip, showing the fiber 
endface, chip facets, and the monitoring diode; 

Fig. 3 is a perspective view of the PM optical fiber held in a fiber mounting structure 
on the optical bench or submount according to the present invention; 

Fig. 4 is a perspective view showing the fiber extending through the feedthrough in the 
sidewall 16 of the package 10, and specifically, through the ferrule 108; 

Fig. 5 is a process diagram illustrating the PER compensation according to the present 
invention; 

Fig. 6 is a schematic drawing showing the manufacturing test system of the present 
invention; and 

Fig. 7 is a perspective view showing the deformation of the mounting structure to 
rotationally align the fiber to laser chip according to the present invention. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Fig. 1 shows a semiconductor laser system, which has been constructed according to 
the principles of the present invention. 

Specifically, the system comprises a package 10. In the illustrated example, a butterfly 
package is used in which leads 14 extend laterally from the package. In other 
implementations, the invention can also be applied to DIP packages where the leads 14 extend 
orthogonally from the floor 16 of the package 10. 

In the illustrated cooled laser system, a thermo-electric cooler 100 is installed on the 
floor 16 of the package 10. These coolers are typically driven in response to the temperature 
within the package, detected by thermistor 1 12 for example, to maintain a temperature-stable 
operating environment for the semiconductor laser chip. 

A bench or submount 102 is secured to the cooler 100. In the preferred embodiment, 
the bench is constructed from a mechanically and temperature stable substance, such as 
aluminum nitride, silicon, silicon-metal composite, silicon oxide, or beryllium oxide in 
various implementations. 

Semiconductor laser chip 1 14 is connected to the bench 102. The chip is preferably an 
edge-emitting ridge, striped semiconductor chip as are used in carrier-class pump lasers, for 
example. It generates light preferably at about 980 or 1480 nanometers, where there are 
absorption peaks in erbium-doped fiber. Alternatively, it generates light in the range of 1400 
to 1600 nm, i.e., 14xx, in case of a Raman pumping scheme. The chip stripe defines a medial 
line 8 of the system 

In more detail, the chip is bonded to a substrate 1 12 to form a chip hybrid. This chip 
hybrid is then preferably solder-bonded to the bench 102. A monitoring diode 1 16 is installed 
on the bench 102 behind a back facet of the chip 1 14. Specifically, the monitoring diode 116 
is installed on a pedestal structure 118, which is similarly solder-bonded to the bench 102. 
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In the current embodiment, the diode 1 18 is laid-down on the bench 102. That is, the 
active surface of the monitoring diode is in a plane that is parallel or substantially parallel to 
the surface of the bench 102. 

An optical fiber pigtail 106 enters the package 10 through a fiber feedthrough in which 
a ferrule 108 is installed. The endface of the fiber pigtail is secured to the bench 102 in 
proximity to the front facet of the semiconductor chip 1 14 along the laser stripe-defined 
medial line 8. Specifically, in the preferred embodiment, a deformable fiber mounting 
structure 104 is used so that the endface is held in a stable but adjustable relationship to the 
semiconductor laser front facet. 

The present invention has particular applicability to pump lasers incorporating Bragg 
grating stabilization where PM fiber is common. Specifically, in one implementation, the 
fiber pigtail 106 comprises a Bragg grating 120 that is formed in the fiber pigtail. 

Reference numerals 200 and 210 illustrate two locations where asymmetrical stress 
fields can arise around the PM fiber pigtail 106 to thereby undermine the PER of the opto- 
electronic system. 

Fig. 2 shows the details of the orientation of the semiconductor laser chip 1 14, the 
monitoring diode 1 18 and the fiber endface 126. Specifically, the double angle wedge shape 
fiber or other aspheric endface 126 is located in front of the stripe of the semiconductor chip 
1 14 opposite the chip's front facet 124. 

Fiber lens coupling system typically yield good coupling efficiencies of between 70 to 
80% in which the light that is emitted from the front facet 124 is coupled to propagate in the 
fiber pigtail 106. 

Fig. 3 shows a mounting structure that enables the PER compensation according to the 
present invention and the source of the potential first asymmetric stress field 210. 
Specifically, as is common, the PM fiber 106, which may have been previously metallized, is 
solder bonded to the mounting structure 104, which secures the fiber 106 to the bench or 
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submount 102. This solder bonding or other bonding process may result in an asymmetrical 
stress field being applied to the fiber 106, which degrades its PER. 

Fig. 4 shows the second asymmetric stress field location 200. Specifically, to enable 
the hermetic sealing of the package, the fiber 106 typically passes through a ferrule 108 
installed in sidewall 16 into the package. Solder is typically applied in the region between the 
inner bore of the ferrule and the exterior of the fiber 106, and in some cases, the ferrule may 
further be crimped to further apply additional stress to the fiber. 

In some cases, however, asymmetric stress associated with the ferrule can be process 
controlled. This is because that generally circular fiber is passes through the generally circular 
bore of the ferrule. 

Fig. 5 shows a manufacturing process, including PER compensation, incorporating the 
principles of the present invention. 

Specifically, as is common and illustrated in step 710, the chip 1 14 is installed within 
the package 10. Typically, the chip is installed on the hybrid 1 12, which is then bonded or 
otherwise attached to the submount or bench 102. The fiber 106 is then inserted into the 
package through the fiber feedthrough in the ferrule 108 in step 712. 

In the current embodiment, an active alignment process is then performed in step 714 
in which the chip 1 14 is energized and the endface of the fiber is aligned relative to the exit 
facet of the chip. Either before or after this active aligning process, the fiber is secured in 
proximity to the endface to the submount or bench 102 using mounting structure 104. 

As illustrated in 716, as also part of the manufacturing process, the package is sealed 
around the fiber in the fiber feedthrough. In one implementation, solder material is filled in 
around the fiber in the ferrule in step 718. 

With these manufacturing steps, asymmetric stress fields have been applied to the PM 
fiber 106. The resulting effect on the PER is detected in step 720. 



9 of 17 



30 October 2000 



Docket: 1029.0100 



Fig. 6 is a schematic block diagram illustrating the manufacturing test system that is 
used to detect the PER ratio of the system 100. Specifically, the semiconductor laser chip 
114, which is installed on the bench 102 in the package 10, is energized. The generated 
polarized light is coupled in the fiber 106, which has been inserted into the package through 
the front wall 16 and secured to the bench 102 via mounting structure 104. Further, alignment 
has taken place, so that the endface 146 is held in relation to the front facet of the 
semiconductor laser such that a desired coupling efficiency has been achieved. Most 
importantly, all of the stresses that will be applied to the fiber as part of the manufacturing, 
exist. Specifically, solder 144 has been placed around the fiber 106 in the ferrule and the fiber 
is bonded to the mounting structure 104. 

Further, in a fiber stabilized pump scenario, a fiber Bragg grating 120 exists in the 
fiber pigtail 106 at some typically specified distance from the semiconductor chip 144. 

As part of the testing scheme, a polarization extinction ratio meter 148 is attached to 
the fiber pigtail 106. Preferably, this meter is a fully-automatic system that directly measures 
the extinction ratio. Such meters are commercially available and typically comprise a rapidly 
rotating polarizer 150 in front of a photodetector 152. 

Returning to Fig. 5, using the system illustrated in Fig. 6, the PER is detected at the 
end of the pigtail 106 using the PER meter 148 in step 720. 

Thereafter, the endface 146 of the fiber is rotationally aligned to the semiconductor 
laser 1 14 in step 722. Specifically, by rotationally aligning the endface 126 of the laser, the 
angle at which the single polarization light is launched into the fiber pigtail is changed. By 
changing this orientation, any stress-induced PER degradation associated with the fiber can be 
compensated. 

Fig. 7 is a perspective view showing deformation of the mounting structure 104 to 
achieve the PER compensation according to the present invention. Specifically, according to 
the present invention, a manufacturing system as described in U.S. Pat. Application 
09/667,186, entitled OPTICAL SYSTEM ALIGNMENT SYSTEM, by Jenner, et aL, filed on 
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September 21, 2000, is used to mechanically engage the mounting structure as described in 
U.S. Pat. Application 09/689,349, entitled ALIGNMENT SYSTEM OPTICAL 
COMPONENT INTERFACE, by Jenner, et al, filed on October 12, 2000. Both of these 
applications are incorporated herein by this reference in their entirety. 

Specifically, jaws 310, 312 engage the mounting structure 104 and are actuated in an 
opposed fashion. For example, to rotate the fiber endface in a clockwise direction, jaw 3 10 is 
moved in the direction of arrow A while jaw 312 is moved in the direction of arrow B. 
Specifically, the endface is rotated relative to the semiconductor laser chip to rotationally 
align the endface such that the desired PER ratio is achieved. 

In the preferred embodiment, a plastic deformation process is used in which the 
mounting structure 104 is deformed until a desired polarization extinction ratio is achieved. 
Specifically, the highest polarization extinction ratio is sought such that light exiting from the 
fiber has only a single polarization. Then, the mounting structure is further deformed, such 
that when it is released, the mounting structure will hold the fiber in an orientation 
corresponding to the desired polarization extinction ratio. 

Returning to Fig. 5, this process of detecting the PER and then rotationally aligning the 
endface to the chip includes several iterations of the deformation step 722 and a subsequent 
PER detection step 724 until the desired PER is achieved in step 726. Once this occurs, a lid- 
sealing step is performed in step 728 in which a lid is added to the package 10 so that it is 
hermetically sealed. 

Alternatively, in another embodiment of the process, the PER compensation is 
performed after the fiber has been bonded to the mounting structure but prior to ferrule 
sealing. After PER compensation, the ferrule is sealed. 

This alternative embodiment is viable because process control can be used to create 
symmetry in stress field 200. Moreover, PER rotational compensation without ferrule 
bonding avoids the danger of torsional stresses being introduced into the fiber 106 between 
the mounting structure 104 and the ferrule 108. 
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While this invention has been particularly shown and described with references to 
preferred embodiments thereof, it will be understood by those skilled in the art that various 
changes in form and details may be made therein without departing from the scope of the 
invention encompassed by the appended claims. For example, the present invention has 
5 application outside of the specific pump laser example herein. In other lasers and further in 
the case of coupling light in the polarization anisotropic devices such as semiconductor optical 
amplifiers, fiber endface-device rotation alignment for PER compensation is advantageous. 
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CLAIMS 

What is claimed is: 

1. A semiconductor laser system comprising: 

a package including a floor and sidewalls, which extend from the floor; 
5 a submount installed in the package; 

a semiconductor chip installed on the submount; 

ferrule in a feedthrough in one of the sidewalls of the package; 

polarization-maintaining optical fiber that extends into the package via the ferrule, 
the optical fiber having an endface; 
10 a mounting structure for securing the endface to the submount such that light is 

coupled between the semiconductor chip and the endface, the mounting 
structure being deformable to enable axial rotation of the optical fiber endface 
after the optical fiber attachment to the mounting structure. 

2. A semiconductor laser system as claimed in claim 1, wherein the semiconductor 
15 chip generates light in the range of 1400 to 1500 nm. 

3. A semiconductor laser system as claimed in claim 1, wherein the endface of the 
optical fiber is a double-angle wedge shape. 

4. A semiconductor laser system as claimed in claim 1, wherein the optical fiber 
comprises a fiber grating that provides feedback to the semiconductor chip. 

20 5. A semiconductor laser system as claimed in claim 1, wherein the optical fiber 

comprises a fiber grating that provides feedback to the semiconductor chip to thereby 
stabilize an operation of semiconductor chip in view of polarization anisotropy of the 
semiconductor chip. 

6. A process for manufacturing a semiconductor laser system, the process comprising: 
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installing a semiconductor chip in a package; 

inserting a polarization-maintaining optical fiber through a fiber feedthrough into 
the package; 

securing an endface of the optical fiber to the package to receive light generated by 

the semiconductor chip; 
after the step of securing the endface, detecting a polarization extinction ratio of 

light transmitted through the fiber from the semiconductor chip; and 
axially rotating the endface of the fiber to improve the polarization extinction ratio. 

7. A process as claimed in claim 6, further comprising aligning the endface to the 
semiconductor chip. 

8. A process as claimed in claim 7, wherein the step of aligning the endface to the 
semiconductor chip comprises energizing the semiconductor chip and monitoring a 
magnitude of light coupled into the optical fiber. 

9. A process as claimed in claim 8, wherein the endface is secured to the package 
prior to the aligning step, the aligning step comprising plastically deforming a 
mounting structure to which the optical fiber is secured. 

10. A process as claimed in claim 8, wherein the endface is secured after the aligning 
step. 

1 1 . A process as claimed in claim 7, wherein the step of aligning the endface to the 
semiconductor chip comprises 

energizing the semiconductor chip and monitoring a magnitude of light coupled 

into the optical fiber; and 
positioning the endface relative to the semiconductor chip to maximize the 

magnitude of the light coupled into the optical fiber. 
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12. A process as claimed in claim 6, further comprising securing the fiber in a ferrule 
surrounding the fiber in the feedthrough. 

13. A process as claimed in claim 6, wherein the step of detecting the polarization 
extinction ratio of light transmitted through the fiber comprises detecting a magnitude 
of light transmitted along a slow axis of the polarization-maintaining optical fiber and 
detecting a magnitude of light transmitted along a fast axis of the polarization- 
maintaining optical fiber, from the semiconductor chip. 

14. A process as claimed in claim 6, wherein the step of axially rotating the endface of 
the fiber comprises plastically deforming a mounting structure that secures the optical 
fiber to the package. 

15. A process as claimed in claim 6, wherein the step of axially rotating the endface of 
the fiber comprises: 

deforming a mounting structure that secures the optical fiber to the package until a 

desired polarization extinction ratio is detected; and then 
further deforming the mounting structure such that when released, the mounting 

structure will hold the fiber in an orientation corresponding to the desired 

polarization extinction ratio. 

16. A process as claimed in claim 6, wherein the step of securing the endface of the 
optical fiber to the package comprising bonding the optical fiber to a mounting 
structure. 

17. A process as claimed in claim 16, further comprising sealing around the fiber in 
the feedthrough. 
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18. A process as claimed in claim 17, wherein the step of sealing around the fiber is 
performed before the step of axially rotating the endface of the fiber to improve the 
polarization extinction ratio. 

19. A process as claimed in claim 17, wherein the step of sealing around the fiber is 
5 performed after the step of axially rotating the endface of the fiber to improve the 

polarization extinction ratio. 
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ABSTRACT OF THE DISCLOSURE 



Reflector For Directing Front Facet Light to Monitor Diode 



A system and process for tuning the PER of an electronic system during and/or after its 
manufacture includes fixtures that allow for the axial rotation of the polarization-maintaining 
optical fiber relative to the optical system after the optical fiber has been installed in the 
system. The degradation in the PER ratio of the optical systems results from mechanical 
stresses placed on the fiber during the manufacture of the systems. For example, in the case of 
optical pump manufacturing, the semiconductor laser is installed on a submount. The PM 
fiber enters a package through a fiber feedthrough in a ferrule and then is secured down onto 
the submount, such that the endface of the pigtail is held in proximity to the exit facet of the 
semiconductor laser. In such systems, highly robust fixturing processes are used, typically 
such as solder bonding, in which the fiber is metallized and solder bonded either directly or 
indirectly to the submount. Further, solder is typically applied to seal the ferrule around the 
fiber since these packages must be hermetically sealed to provide for the long-term stable 
operation. The solder bonding processes can create asymmetries in the residual stress fields 
applied around the circumference of the fiber after the solder has cooled. These asymmetric 
stress fields lead to distortions in the stress-induced birefringent medium of the fiber. This 
results in coupling between the two polarization modes of the PM fiber, and consequently the 
degradation of the PER of the system from that expected from the separate components, for 
which the present invention can compensate. 
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I acknowledge the duty to disclose information which is material to patentability as defined in 37 C.F.R. 1 1.56. 

I hereby claim foreign priority benefits under 35 U.S.C. §1 19(a)-(d) or §365(b) of any foreign application(s) for 
patent or inventor's certificate or §365(a) of any PCT international application which designated at least one country 
other than the United States of America, listed below and have also identified below, by checking the box, any 
foreign application for patent or inventor's certificate, or of any PCT international application having a filing date 
before that of the application on which priority is claimed: 



Prior Foreign Applications^ 



Priority Certified 
Not Copy Attached? 

Claimed YES NO 



(Number) 



(Country) 



(Number) 



(Country) 



(Number) 



(Country) 



(Day/Month/Year filed) 



(Day/Month/Year filed) 



(Day/Month/Year filed) 



[ ] [ ] [ ] 
[ ] [ ] [ ] 
[ ] [ ] [ ] 



I hereby claim the benefit under 35 U.S.C. 1 1 19(e) of any United States provisional application(s) listed below. 

(Filing Date) 
(Filing Date) 



(Application Number) 



(Application Number) 



I hereby claim the benefit under 35 U.S.C. §120 of any United States application(s), or §365(c) of any PCT 
international application designating the United States of America, listed below and, insofar as the subject matter of 
each of the claims of this application is not disclosed in the prior United States or PCT International application in 
the manner provided by the first paragraph of35U.S.C. §112, 1 acknowledge the duty to disclose information which 
is material to patentability as defined in 37 C.F.R. §1.56 which became available between the filing date of the prior 
application and the national or PCT international filing date of this application: 



(U.S. Parent Application or (Parent Filing date) (Parent Patent No. (if applicable)) 

PCT Parent No.) 



(U.S. Parent Application or (Parent Filing date) (Parent Patent No. (if applicable)) 

PCT Parent No.) 



(U.S. Parent Application or (Parent Filing date) (Parent Patent No, (if applicable)) 

PCT Parent No.) 

As a named inventor, I hereby appoint the following registered practitioner(s) to prosecute this application and to 
transact all business in the Patent and Trademark Office connected therewith 

Customer No. 25263 

OR 

Registered practitioner(s) name/registration number listed below: 

J. Grant Houston, Esq. Registration No: 35,900 

Direct all correspondence to: 

|X] Customer No. 25263 
OR 

I ] Correspondence Address below: 
J. Grant Houston, Esq. 
AXSUN TECHNOLOGIES, INC. 
One Fortune Drive 
Billerica, Massachusetts 01821 

I hereby declare that all statements made herein of my own knowledge are true and that all statements made on 
information and belief are believed to be true; and further that these statements were made with the knowledge that 
willful false statements and the like so made are punishable by fine or imprisonment, or both, under Section 1 8 
U.S.C. 1001 and that such willful false statements may jeopardize the validity of the application or any patent issued 
thereon. 

[ ] A Petition has been filed for this unsigned inventor 



Full name of sole or first inventor Jeffrey A. Korn 



/ * [/ (Given Name (first, middle [if any], and Family Name or Surname) 

Inventor's Signature 1/m j ^ - Date / ^7/ & ^ 

Residence / / 67 Asbury Street 



Lexington, MA 02421 



Citizenship U.S.A. 



Post Office Address Same as Above 



[ 1 A Petition has been filed for this unsigned inventor 


Full name of second joint 
inventor, if anv 


Peter S. Whitnev 




J (GiveruName (fin^iniddle [if any], and Family Name or Surname) 


Inventor's Signature 




Residence / 


39 Shade Street 


Lexington, MA 02421 


Citizenship 


U.S.A. 


Post Office Address 


Same as above 






[ ] A Petition has been filed for this unsigned inventor 


Full name of third joint 
inventor, if anv 


Dale C. Flanders 


Inventor's Signature 


(Given Namejfirst, middle [if any], and Family Name or Surname,) , 
■^9«l C- Date * Pi 00 


Residence 


15 Preston Road ( f 


Lexington, MA 02420 


Citizenship 


U.S.A. 


Post Office Address 


Same as above 









